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!•  Introduction! 

The  purpose  of  this  study  Is  the  approximate  determination 

% 

of  the  dimensions  end  characteristics  of  a  Lone  Ranee  Search  Land- 
plane  to  the  specification  quoted  below  from  VPB  Memo  Aer-E-ll*-LDC 
of  a  March  1915: 

*1V>.  In  accordance  with  a  discussion  in  the  office 
of  the  Director  of  Engineering  on  17  irarch  lpli5>  studios  have 
been  Initiated  by  the  Aviation  Doaign  Rosoaich  branch  on  the 
generalized  problna  of  a  patrol  landplanc  design  to  good 
a  search  radius  (on  tbs  Standard  formula)  of  1500  nautical 
alias  with  20 %  reserve  fuel, 

*2»  ‘fhese  studies  will  be  based  on  three  possible 

power  plants  for  eoirrwnianiejthe  Vasp  Major  (RU360),  the 

’**7.  -  .•*  *"  • 

,  TO  180,  and  the  TO  100.  It  la  realized  that  other  po*7er 

plants  are  possible  and  would  have  to  be  considered  in  any 

*  •* 

actual  design,  but  for  the  purpose  of  this  study  these  are 

'■'■'v,  -  ’  ,  ..  .  -  ,  :  '  '■ . 

sufficiently  representative  and  the  results  can  be  adjusted 

.  * 

$  ........ 

for  other  combinations,  if  necessary* 


"3*  It  "s  assuaed  that  the  range  roquirenent  is  so 

. 

severe  that  very  high  speeds  cannot  be  expected  of  any  design 

. 

baaed  on  reciprocating  engines  and  therefore  that  such  designs 

.ti  4.-fk *’*&*>?  i  .»  ■  '  • 
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"nust  carry  adequate  defensive  arrant.  ?or  the  purpoeee 
of  thin  study  the  aroanont  of  the  FBltf-2  was  chosen  as 
reasonably  representative.  71  ie  nsulta  of  the  study  can  be 
adjusted  for  other  Generally  sicdlar  araaaent  confi  -urations 
differing  principally  in  trei-ht.  A  crew  of  12  was  assumed 

‘  necessary  to  fly  the  aiiplano  and  operate  this  equipment.  , 

* 

”i-  The  go.  turbine  and  Jet  designs  elU  operate  noat 

efficiently  at  high  speeds,  and  It  is  reasonable  to  asoune 
•  that  they  ulll  require  less  amment  and  a  smaller  cron, 
particularly  elnco  the  flight  duration  mil  be  less.  For 
ttH  study,  a  hypothetical  b20  mu  tail  turret  v.as  assumed, 
and  a  oree  of  3.  No  other  armament  uaa  Included. 

"S*  Be  lnreetigstlon  of  bomb  lead  le  included  in  the 
•tmy,  mnc.  ranges  mil  be  shorn  mtb  se*>  bonb  load,  and 
any  merndd.  bo*  loto  for  ne»l  uaa  can  be  <*rrled(.t  an 

******  sacrifice  In  «nge)  mthout  .fating  the 

gcnorul  d— ign,  * 

v 

**•  ,  fnmat  atand»d  nail,  m,  co.uale.tin*  ^ulp- 

-ot  mth  to/AKU*  s«roh  rnto  «,  for  murntlm 

’"leht‘  “•  -Ur  be  mjumm  for  »igbt 

«*“>*«  to  «l<*ro«to 

to  additional  engine,  W.  Be.tlnghouw  2$-D  Is  IneerUd  Into 
«•  study  .mi  the  *emfioetfc»  on  the  a-U(So  ie  renaed  to  us.  turto- 

'  J  v  •  -  .  i  ..‘.to, 


»•  mu  ■  , 
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superchargers  as  to  bs  able  to  cruise  at  liigh  altitude.  This 
places  all  the  designs  upon  the  sane  basis  as  far  as  armament  is 
concerned,  ^hs  problem  is  first  investigated  with  a  constant 
cruising  speed  of  U00  mph.  at  1*0,000  feet  and  then  revised  to 
consider  initial  speeds  of  300,  32?,  350  and  375  mph.  for  th^luU360 


designs  both  with-  and  without  1-1$  auxiliary  Jets,  the  sane  as  used 
in  the  (XP32J^^  Complete  performance  characteristics  are  not  com¬ 


peted  due  to  the  excessive  amount  of  labor  required  for  this  work 

•  i 

on  a  total  of  21;  airplanes  considered,  ^he  ?erry  Ranges  and  Combat 
fiadll  are  computed,'  however,  and  tabulated,  as  well  as  the  weights 
and  dimensions*  It  is  proposed  that  a  complete  design  stud:'  be 
undertaken  at  a  later  date  concentrating  the  work  upon  one  or  two 
•pacific  designs  that  tppoar  to  be  of  interest  from  tM«  analysis* 

It  is  believed  that  any  of  the  designs  that  meet  the  cruising  ccndltlonr 
at  ls0,000  ft*  will  give  very  satisfactory  take-off  Climb  and  Mgh  speed* 
He  fluaaary  &  fleoclimions* 

A  study  i*  first  made  of  the  propeller  problem,  realising 
the  difficulty  of  obtaining  good  efficiencies  at  high  Uoeh  numbers* 


Data  ftum  HJUCJL.  A.C.R.  Ho*  1|8L6  ef  February  19UU  is  available. 


TL 


which  reports  test#  la  the  8  foot  high  speed  wind  tunnel  at  a 

1  A  --  '  *■  -  ’  V 

tunnel  Coir  flight)  Hash  nueber  of  *60*  *heee  tost  rssults  show 


that  very  good  results,  indtedi  can  be  obtained  with  special  wide 


TJ*SSb 


blodS*  For  the  purpose#  of  this  study  it  is  assumed  that  propellers 


to  these  H*JUC.A.  designs  esn  be  obtained* 

'  '  -  ^>,V.  yfe  \  • 
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The  choice  of  the  wing  section  also  is  a  critical  problem, 
particularly  at  tho.  relatively  high  lift  coefficients  incident  to 
flying  at  a  dynamic  pressure  of  100  lbe*/sq*  ft*  Studying  all 
available  data  it  is  decided  that  the  K.A.C.A.  2U00  series  airfoils 
are  a  ood  corap ronise.  An  analysis  is  then  made  with  various  wing 
loadings,  thickness  ratios  and  aspect  ratios,  making  allowance  for 
the  effect  of  these  variables  on  ring  weight,  to  determine  the  beet 

s 

combination  for  cruising  at  iiQO  nph.  at  1[0,000  feet*  This  analysis 
indicated  that  an  aspect  ratio  of  10,  a  root  thic'nesc  ratio  of  1$% 
and  a  wing  loading  of  !|2  lbs./eq*  ft*  trill  give  the  best  results, 
consistent  with  practical  considerations* 

After  having  decided  upon  the  wing  design,  the  estimation 
of  the  L/D  ratios  for  the  various  desirpis  follovred  from  rather  simple 
expressions  developed  in  the  body  of  this  rep  rt.  After  having 
estimated  the  gross  weight  for  each  airplane  and  from  that  the 
allotrabls  fuel  weight  the  combat  radii  are  computed  on  the  basis 
of  the  following  coefcat  problem!  ~ 

'  1*  Fuel  . in  unprotected  droppable  tanks  will  be  carried  in 
sufficient  quantity  to  accomplish  9QJC  of  the  combat  radius.  This 
fuel  la  not  considered  in  the  design  gross  weight* 

2*  The  combat  radius  is  computed  on  the  basis  of  carrying 
2Q£  of  $hs  internal  . fuel  throughout  the  whole  flight. 
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3.  A  c.nstar.t  speed  of  U00  nph.  is  used  for  the  v.liole 
flight,  after  expenditure  of  the  Maternal  fuel# 

U#  A  distance  equal  to  5$  of  the  combat  radius  is 
assumed  to  be  covered  during  a  search  operation  and  none  of  tills 
distance  is  used  as  credit  to  the  radius  of  action# 

5#  The  fuel  consumptions  from  manufacturers  data  for  the 
piston  and  turbine  engines  are  increased  and  7#  respectively# 
The  resulting  weights,  dimensions,  and  c raising  performances 
are  given  on  the  attached  table  for  the  series  of  airplanes  which 
cruise  at  the  constant  3pced  of  UOO  nph.  at  1,0,000  feet# 

Study  of  ti;l3  table  3hows  the  inferiority  of  the  TG-1C0 
turbo  i  ets  for  this  probleo#  It  appears  thit  no  practical  number 
of  units  trill  give  a  combat  radius  of  1500  nautical  miles#  The 
turbo-supercharged  &Jj360  sneines  are  nearly  as  poor  for  the 
original  problem,  but  the  moderate  power  loading  at  tako-off 
indicates  that  greater  loads  may  be  carried,  provided  the  cruising 
•peed  is  reduced  to  obtain  greater  effective  thrust  and  greater 
l/D»S#  There  seems  to  be  nothing  that  can  be  done  to  "bail  out",  f[ 
the  Jot*’,  however,  since  tho  chosen  conditions  arc  particularly 
Idaal  for  this  type  of  power  plant# 

The  outstanding  superiority  of  the  25-3  propeller  turbines 
is  evident#  It  appears  that  both  tho  TG-100  and  the  25-3  will  meet 
th«  coribat  problem  for  All  practical  purposes  but  the  additional 
power  of  the  25-3  makes  it  the  best  engine  for  this  problem  by  a 
great  margin,  since  much  more  load  can  be  carried  per  at 

bat  21  lbs.  of  fuel  per  hour  ir 


r  Ml* UNO  twice 


6MUB  105200  110900  JKE00  63>00  99^0  13600Q 

-**  '  >  ..'  X-  > 

82000  152100  2B2100  '  SlilfiC  772pO  123!£0  162300 

t  «•.  "  *  /  '  .  , 
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To  determine  whether  or  not  the  R-U360  one  nas  can  be  used 
tilth  a  leas  restrictive  combat  problem*  four  additional  airplanes, 
both  with  and  without  I-UO  aiadliaary  jets  were  studied.  The 
initial  cruieirj  speeds  (after  expenditure  of  unprotected  fuel) 
ware  decreased  pro^-roasively  from  375-  to  j50,  325  and  300  uph. 

It  was  assuaed  that  the  flight  takes  place  at  constant  amtle  of  attack 
Instead  of  constant  speed.  The  following  table  sunoarizes  the  re- 
stilts  from  this  study* 


Engine  Typo 

k 

R-U360  Turbo 

1 

it  B-4360  Turbo  it  l-ltO 

Initial  T 
Cruise 

SIS 

m 

325 

J00 

375 

350 

325 

300 

• 

Dooi^j.  owns 

?1  Hu 

>$600 

136750 

337900 

35600 

306750 

317900 

«u:i «*y 

-• 

•as* 

-- 

-- 

7PQ1D 

85020 

91650 

961*70 

nu 

load 

•* 

•  — 

3^530 

21730 

260lt5 

27530 

i 

SaalpiM. 

\ 

«... 

T 

«■»  «S 

■i 

vm 

« 

* 

29*0 

2jtos 

I 

» 

ms 

mo 

3280 

tas 

*61/) 

3280 

ia» 

I 

Spen-tft. 

VSLS 

in 

«8 

A 

3ii6  3i5a*S 

181 

208 

f 

JNotfjr  Im&m 

rn+aumo 

SOS 

5620 

r*-  ^ 

.  gJio 

4flL5 

3730 

)O50 

1C* 

i 

i 

i 

j 

***£%?** 

• 

3553 

jSk 

BOO 

3190 

nao 

3370 

1 

At*  CitfUjflrg 
SpMcr 

sto 

* 

VCk 

m 

26$ 

361* 

338 

335 

183 

i 

m 

V 
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Study  of  tbii  table  indicates  that  a  1500  mile  combat 
radius  can  ba  obtained  with  the  &4i360  engines  without  the  I-UO 

f 

auxiliaries,  but  wbm  adding  Jeta,  their  weight  subtracted  from 
the  fool  load  available  decreases  the  radius  to  an  unacceptable 
'value.  If  a  low  radius  should  be  acceptable  it  appears  that  a 
snsller  faster  erwising  airplane  will  be  more  satisfactory  from  every 
angle*  with  the  exceptions  of  top  speed*  It  is  questionable  that  an  " 
additional  35  iptu  id  Ytux  at  h0,000  feet  is  sufficient  to  recommend  the 
laxier  and  heavisr  airplane* 


e.  a.  straw— t  mm wm  ernes 
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The  conclusions  that  nay  be  drawn  from  this  study  are:  - 

1*  The  only  engines that,  to  all  practical  purpocos,  will  meet 

the  basic  problem  of  a  combat  radius  of  1>C0  nautical  njles 

at  li0,000  feet  at  a  constant  speed  of  It 00  mph.  are  the  two 

propoller  turbines*  The  performance  of  the  •»oatinghouse  25-D 
ITparticujLariy  outstanding. 

2*  Although  the  problem  is  very  favorable  for  the  turbo  jets  this 
engine  type  is  unsatisfactory  as  the  primary  power  plant. 

3*  The  cruising  speed  of  UOO  mph*  it  too  fast  for  turbo-suner- 
charged  &-4360  engines* 

U«  The  basic  problem  can  be  met  with  U  R-U360  engines  if  the 
Initial  cruising  speed  (after  expenditure  of  unprotected 
droppable  fuel)  is  reduced  to  350  nph.  instead  of  U00  tph. 

5*  The  use  of  auxiliary  jets  as  in  the  IPlf3-l  reduces  the  ihay; mm 
attainable  combat  radius  by  373  nautical  miles* 

6.  If  a  reduced  combat  radius  of  approximately  1200  nautical  milas 

is  satisfactory  either  of  two  designs  may  be  accepted!  a  smaller  R-  4360 
airplane  weighing  96,500  lbs*  without  jets  giving  an  average  cruising 
speed  of  35?  mph.  and  a  top  speed  of  about  \& 0  mph.,  or  a  larger 
one,  with  jets,  weighing  117*900  lbs.  which  gives  an  average 

cruising  speed  of  315  mph.  and  a  top  speed  of  about  U65  mph. 

* 

7i  The  use  of  auxiliary  jets  for  flight  at  1*0000  feet  is  an  expedient 
of  doubtful  value  due  to  the  low  net  thrust  at  this  altitude. 

The  greater  airplane  weight  (21,^00  lbs.)  for  a  limited  combat 
radius,  decrease  in  average  cruising  speed  (14;  mph)  anc^increase' 
in  power  plant  comnlications  must  be  HnT  rmrari  against  a  probable 
gain  of  about  15  nph*  in  high  speed  at  h0,000  feet* 


533013  *.  s.  csvuaMNi  ptiains  strict 


DATE 


BUREAU  OF  AERONAUTICS 

MAVY  DKPARTMKNT  -9- 

AVIATION  DESIGN  RESEARCH  SECTION  mrarr  no. 


Slaoe  the  «Lrp3on>  that  will  result  fro*  this  study 
probably  mat  ba  oonsidersd  a  poet  war  dsvwlopeent  it  is  raco— nd- 
ad  that*  - 

1*  A  detail  design  study,  by  this  Branch  using  propeller 
tqrtolass  ba  layod  out* 

2*  This  uhola  project  ba  tied  to  the  propeller  turbine 
I 

as  the  basic  power  plant  to  the  exclusion  of  all 
other  types* 

3*  In  ease  an  airplane  is  necessary  for  this  war,  the 
design  be  predicated  entirely  upon  the  use  of 
propeller  turbines  and  intarln  installations  of  the 
B-il360  tuzbe  with  er  without  Jets,  be  aade  pending 
the  ooapletlon  of  the  turbine  development* 
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Study  of  Loos  Range  Search  Planes  with 
Three  Begins  Types 


m.  Discussion  of  methods* 

A«  ftupellsrs 

Sides  two  of  the  engine  types  considered  will  require 
propellers  and  since  It  Is  desired  to  cruise  at  as  high  a  speed  > 

as  possible  at  hl:h  altitude  the  problem  of  propeller  efficiency 

.  •  - 

becowas  a  matter  of  first  concern*  Starting  out  with  the  most  sere  re 

v,>- 

condition  that  of  cruising  at  h0t000  ft*  at  UOO  nph.  where  the  flight 
15ach.«mber  ia  *60U  and  the  relative  air  density  is  *2Utf  we  oan  see 
that  special  consideration  must  be  given  to  the  propeller,  particularly 

‘v> 

V  •  ■  “  * 

fpr  a  taibo-supercharsod  E-ii360  engine  delivering  l500B.Hp  at  60t 

**%>*} 

aortal  rated  power* 

)  Fortunately,  the  K.A.G^A*  has  investigated  this  probleo  very 
thortnghly  in  the  8  foot  high  speed  wind  tunnel  and  has  reported 

-A 

the  results  in  A*C*R*  No*  I1BQL6  of  February  19hU*  Although  the 

4-'  *  .  '  .  * 

-  ,  f  * 

propellers  investigated  were  of  a  spocial  wide  blade  dosign  with  ala 


i .  *  14- 


activity  factor  sf  135  per  blade  and  R.A.C.A.  16  serloa  airfoils  ths 
cooSluaions  that  are  readied  are  v^ry  favorable  to  obtaining  eao- 
osljfsafc  propeller  efficiencies*  Fortunately  one  tost  was  run  at  a 
flight' lfech  number  of  *60  which  very'  closely  approximates  the 
u  sowed  cruising  conditions* 

,  Altho  ths  propeller  tested  had  but  two  blades,  sorrectiouS 
have  been  worked  out  and  reported  by  DsHa^Land  in  "Airscrew  Per¬ 
formance  Calculations"  Report  Rr-83  of  10  September  l#jl*  these 
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feta  Are  manned  to  apply  to  this  problem  and  are.  repeated  here 

$ 

in  the  following  table# 


'* 


Table  I 

At  value*  oTT/nD  •  2  0tAOfib 


Ho#  of  Blade* 

*/it 

• 

Cp/Cp2 

2 

1.00 

1.00 

3 

.99 

1.398 

U 

.98. 

1.835 

2 

.96 

2.60- 

For  the  N.  A#  C.  A#  1*-O30-Ol*5  2-blade  prop#  the  following  value* 
are  read  .from  the  above  A.  C.  R.  figure  5f. 


2  Hlade  -  l>-03&-0b5>  -Propeller  at  «  -  #60 


Mg  (VAd)V» 

<°p>7* 

Xm 

* 

1.0l*5  2.2 

.122 

.87 

1*5° 

t«91  .  2.75 

.173 

.915 

5oo 

•83  3.30 

.226 

.935 

55 o 

,  .765  3.95 

.337 

*  .91*5 

60° 

A*  '  ;.S  , 

From  theee  data  and  the  corrections  of 

* 

Table  I  .curve* 

are  cal- 

eulated  for  2,  3  .end  6  blade  propellers  and  plotted  on  figure  1 

fpr  earn  la  estimating  the  cruising  propeller  effiolencies  that 
eon  be  obtained  with  the  variant  power,  plant*. 

1*  BnbtfO  Engine  - 

S.f.C  z  #1*2$  if&Jfyfer,  Ct  1820  R.P.*.  &  1500  B#%v 

3000  B.Ep#  at  **a  level  -  T#0#  §  2700  R.P.M. 

•  •  *  .*  ■  A  , 

3000  B#^p#  at  1(0*000  -  tttl  O  2?00  R.P.M. 

1500  B.Hp.-  at  1*0,000  -  Cruising  4.  1820  R.P.H. 

•  '  *  * 

Oear  Ratio*  -  ,361  and  cl*25. 


iiwStlutl 


®MW 


iliilBi 


lipiipiii 


IPpPiil 


SS-:n:igRm£ 


laiiMmi 


fet-sih. 
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Choosing  s  sorles  of  propellsr  dimeters  end  cosputing  eD 

.  and  V/aD  for  the  cruising  condition  allovs  the  resulting  Values 

; 

to  be  plotted  on  figure  1*  It  appears  that  the  best  cruising 
propeller  will  be  either  one  of  three  or  of  four  blades  with  the 
w  «36l  gear  ratio.  These  designs  will  give  efficiencies  of  .886 
y.  at  a  diameter  of  21.05  and  20*1  feet  respectively.  Tho  six 

i 

blades  will  give  .883  at  a  Hamster  of  13.15  feet*  It  is  probable 

rv  .  $ 

iy  -v/i  that  better  high  speed  performance  will  be  obtained  with  the  18 

r,  i\ 

't: f  foot  6-blade  due  to  lower  tip  speod,  altho  eoaw  sacrifice  in  range 

“  '  f  ’ 

r  {  % 

i'.j'-  will  result  due  to  probable  greater  propeller  weight.  The  final 

j' 

fit  .shoiee  is  largely  a  natter  of  judgement  but  it  appears  that, 
f  j  ,-i !  '  *  . 

i  f*V  since  the  Cruising  condition  is  the  nost  important,  the  21  foot 

y  }  X  blade  should  be  used*  The  cruising  efficiency  is  than  •866* 


]  2#  10-100  Prop.  Turbine  <S.  Hp  B  820  0  1*0000’  0  1*00  rah* 

^  \  yy  Max*  Continuous  ponsr  (Jet  Th.«  16b  lbe. 

!  .  BwsJ  efficiency  90*  (Prop.  R*IUU  a  llh5 

gg-  i  !  cone.  502#/hr. 

~  v  Rapeating  the  process  as  used  for  the  R-h360  and  plotting 

V/to  for  a  serins  of  ntiMwtais  m  figure  I  it  1s  iTdlstnlj 

■;  }  apparent  that  the  R**.1I*  in  far  too  high  on  this  angina  as  pro- 

"  *  •  J'  ,  «  ,  f 

seatly  specified*  3b  order  to  obtain  an  efficiency  oonpsrable 
\  „  to  that  for  ths  R-U360  It  will*  be  wooesaory  to  build  another  set 
of  gears*  If  Mall  disaster  prop*  is  used*  which  will  save  the 
plotted  TCr-180  curve  further  to  the  right,  the  a-trpi^Tw*  ni  ^ 
laager  oraiee  at  the  speed  of  beet  effiodenoy  as  in  the  ease  of 
«  the  84^60#  If  the  gear  ratio  is  to  be  changed  wo  are  perfectly 


f 


OATS 
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“2  flexible  (supposedly)  as  to  the  choice  that  is  aide,  sc  that  r/e 
/ 

can  make  the  efficiency  of  a  3-blade r  equal  to  .386  at  a  V/nd  of 
f  2.1i5  and  a  Cp  of  #206#  The  diameter  will  then  be  16*2  feet  at 
I  900  fc*P*U* 

3*  hostinyhouse  25-D  S.**p  *  956  B.Hp. 

✓ 

1005C  ran  efficiency  Jet  Th.  -  120*2  lbs* 

Prop*  ii*P.i!.  z  — 

?ue ..  Cons*  -  lbs  /hr 

Since  the  gear  ratio  is  not  et  decided  for  this  online  it  nay 
be  chosen  so  as  to  use  a  3-blade  prop,  the  sane  as  the  other  two 
engines.  At  cp  -  *206  and  V/nd  2  2.U5  the  resulting  diameter  i3 
16*75  ft.  at  85  R.P.U*  This  propeller  likeiwee  -Ives  ^max  - 
•686  at  cruising  -speed*  ' 

It  is  realized  that  much  additional  study  iB  needed  to  work 
out  tho  best  compromise  propellers  for  each  engine  considering 
high  speed,,  climb  and  take-off  but  that  must  be  done  later  in 
the  design  stage*  -At  least  this  analysis  has  shown  that  very- 
good  cruising  efficiencies  can  be  obtained, ’neglecting  all  other 
considerations* 

D*  Design  of  ".Tin;; 

Since  the  flight  Mach  number  is  *6oU  some  stud  must  be  -iven 
to  compressibility  phenomena  before  deciding  upon  the  airfoil 
section  and  the  thickness  ratio  to  be  employed.  Since  the  value 
of  wq«,  the  d  namic  pressure  at  U00  nph  at  U0,000  feet  is  but 
100*1  lbs/ft^  the  wing  loading  is  also  an  important  consideration* 


A  high  loading  Increases  tbs  cruising  lift  coefficient 
(Ox  a  (W/s)/  100*1}  and  thsrstagr  reduces  the  airfoil  critical 
Uaoh  mater* 

N.A.C.A.  Report  A.C.R.  Ho.  I#0$)  of  Uaroh  1?U*  gives  data  on 
the  critical  Mach  of  a  large  mater  of  airfoils  of  thickness 

ratios  of  1 2%,  2 $%  M»  21%  and  2h%,  all  plotted  against  low 
speed  lift  coefficient*  Since  tho  low  drag  66-000  type  are  not  at 
present  rsoonsended  by  the  IJLO.A.  these  sections  are  eliminated 
at  once,  leaving  the  2i|0O,  UtOO,  23000,  63-000,  61^000  and  65-000 
types*  fhe  13,000  sections  are  eliminated  quickly,  since  even  at 
12%  thickness  ratio  the  critical  Mach  mater  will  he  .600  at  a 
wing  loading  of  30  lbs«/eq.  ft*  Aastadng  that  the  loading  will 
be  Shout  hO  lbe./eq.<  ft*  and  the  tyot  thickness  shout  1 B%,  as  a 
basin  far  ceqpnrleon,  there  is  little  to  chose  bateom  the  various 
sections*  Sans  of  the  lam  dreg  sections  are  wary  slightly  superior 

tmt  not  enough  to  reeemiand  then*  Consideratiojm  of  sarfaoe 

•  «-  - 

***^***  ^  to  ■■■fbntmring  irregularities  or  service  jrlrlr 
■V  wy  tell  inarsaae  the  profile  drag  of  these  sections  ee  that 
they  will  aetoalty  be  poorer  than  a  rare  conventional  design* 

Studios  carried  an  in  this  Branch  have  shown  am*  to  bo  tlm 
case,  since  these  airfoils  mast  have  an  extras  maraud,  itestisn 
of  transition  fron  lmringr  to  turbulent  bomadasr  3 Mymr  floe^  in 
order  to  ragZlse  their  low  values*  If  the  surface  condition  am 
Buch  M  preclude  such  a  great  extent  of  laminar  flow,  and  the 
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h 


tsinsitlcn  aovea  forward#  the  d rag  coefficient  increases 

-V  ' 

f  ’' v  # 

nafhedljr.  Dm  noraal  section  like  the  2^00  aeries#  on  the  ether 

•  Vfc- 

biNd#  b as  wary  little  Isatnar  boundary  lever  and  the  character  of 
th*  Section  la  aueb  that  thia  mall  aaount  la  wary  stable*  The 
raaalt  is  that  thia  type  Of  section  !•  ranch  leas  sensitive  and 


<ha«i  little  increase  la  drag  with  practical  surface  conditions. 

*  ,  « 

It  Stas  decided  to  use  the  2lj00  series  seqtions  in  this  study  follow¬ 
ing  the  reasoning  above. 

In  order  to  find  the  beat  wing  loading#  aspect  satlo  and  root  * 

thickness  ratio#  an  extensive  calculation  was  *•***?  the 
.  **• 
following  llneat  - 

(1)  *  mrlm  of  olnj  loodlneo,  *  s  30.  W),  SO  osd  60  ll/ft* 


£  (*) 

A  Vr.  1 


A  aeries  of  not  thickness  ratios  1##  1##  iSf  ni  23% 


O) 

V-  ■  ' 

'  (10 


*he  sapect  ratios  ware  6#  6  and  10. 

*rtlsates  nra  node  of  the  l/0*s  of  the  wlj*  and  tall  for 
eaah  oondltlcn#  correcting  the  airfoil  profile  drag  oo- 
•melsnt  hj  figure  2,  after  haring  detenslnad  Jfc  trm 
A.  C.  R.  Itfxtf. 

The  product  ef  the  wing  i/tt  and  the  thrust  of  ax*r  ana 
•®Cla«  gives  the  weight  that  can  be  carried. 

Hth  the  wing  loading#  aspect  ratio  sal  not  thicla>aas 
«hosaa  aatinates  wan  aads  of  the  wing  weight#  rfaich  eas 
nultiplied  by  a  factor  to  represent  weight  of  other 
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between  the  weight  given  in  (5)  and  the 


TdAf  Mi^bt  la  (6)  become*  an  index  for  range*  A  Mari¬ 


ans  min*  of  this  difference  is  dnired* 

Plotting  the Xmmnlts  obtained  is  (7)  above  an  figure  3  give*  SB 


opportunity  to  decide 


the  best  possible  combi-nation*  It 


i,  fixity  that  the  aspect  ratio  should  be  no  less  than  10, 


imadlatelyi  .second,  that,  surprising  as  it 


ratio  gives  tbs  best  index  and,  third. 


so  that  chaise  is 


theUJt 


the  sdag  1 


should  be 


i>0  and  lbs*  per  sq*  ft*  At 


rsMe  ef  10,  thloknese  ratio  of  12%,  taper  ratio  ef  3*1 
l  lUSfUmc  of  1*5  Ihau/aq*  ft*  the  ratio  of  span  to  root  * 
J4-S5*5*  Ibis  id  aach  higher  than  any  wing  that  has  yet 

M  i>1*1 

■RMad  sad,  therefore,  asy  be  rather  dangerous  to 


atrasfmnl  awOyais*  Qa  the  other  hand, 

^  tMataess  xatft*  at  the  rest,  the  spam  to  thlnfcnea*  ratio 
la  bat  IaMi  *ftch  is  bat  ALUbtly  mm  than  toe  Ej»D-2*  Sinco  this 

i  .*•*'■  „■  ■. 

-  v  'if'’  **  4/C 

airp3eaa  '’baa  hsoa  static  tested  sal  has  asms  oomldszahle  service 

*  *  »  •  . 

pramMhljraa  eaa  aae  the  higher  nha  la  this  study*  tm# 
to  the  denftjpra  to  make  the  sdRg  leading  i*2  lhe*/sq*  ft*  «d  the 
thlAihRa  ratio  15^  far  all  lael  gna. 


*•  Sae. 

the  provisos  calculation  as  veil  as  in  the  a 
ftflear  the  wing  neltfit  is  estimated  to  bo  giro  by: 


.W-%m  a-  t.  aavtswetst  wminm  assist 


jmi 


(iljT-.tl 


J 

4 

u 

id 

M 

j  u< 

~ 
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►Ifc 

16 

' 
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Iff  s  .033  (|)  (1) 

ultimata  load  factor  •  £«7 

so  that  at  aspect  ratio  ■  10,  »  s  U2>.  t/c  =  .15, 

and  taper  ratio  3:1. 

W*  «  .01195  ff1*2*  C2) 

2.  Fuselage,  tall,  landing  gear  and  nacelles: 

Analysis  of  many  airplanes  of  the  type  being  studied  has 
given  an  empirical  expression  for  the  freight  of  structural  items, 
other  than  the  win g,  which  is  sufficiently  accurate  for  this 
study.  A  coefficient  is  defined:  - 

*  T 1 


K,  s  1.30  ±6* 

For  the  R»U360  engine  the  mean  value  for  Kg  of  1,30  is  assumed, 
due  to  ths  Urge  and  heavy  nacelles.  In  the  turbine  designs  K, 
is  taken  as  1*28  due  to  mailer  nacelle  and  for  the  Jet  as  1.26, 
due  to  shorter  lending  gear  possible  with  these  designs.  Them- 

f  ♦ 

fere 

B-U360  w  -  .01195  l1*25  4  1.30  0*p'  4  We  4  \m) 

TO-100  ¥  s  .01195  U1*2^  |  3*28  (Wp  4  We  4  Wu) 

1EST.-251)  I  *  .00195  I1*2*  f  1.28  (Wp  +  »Ve  f  V/u)  (L) 

HWL80  W  s  .<ai95  I1*2*  f  1*26  (W*>  4  We  4  %) 


""<360  ,  V  -  &<>•  of  engines. 

Bnglnss  ss  Installed  -  LBS* 

*  accessories  .  LBS. 


3U01*  N 
1300  N 
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mZL- 


RCPORT  No. 


ftsgiwaB  controls  -  IBS* 


110  IN 


PFopsllsr  (a«  nU  -  3  blade)  -  LBS*  1180  H 


Starting  sywtan  -  lbs. 
Lubricating  aysten  -  lba* 


120  H 
.01  Tff 


Fuel  oysten  -  lb*.  (Wf  -  lift*  of  fuel)  *155  Wf 

611101  +.165  Vf 

(b)  ,10-100  -  Tnrblns; 

Engine#  as  Installed  (starter)  incl*  1?60  N 


Tail  Pipe# 

Engine  control# 

Propeller  (16.2  ft,  -  3  blades) 
Fuel  and  oil  syetan 
Total 


55  n 
65o  N 
*158  y* 
2710N  +.158 


(e)  llostiqghouae  Turbine 

taglnes  as  Installed  ( tnoOsstarter)  lbs. 
Tail  pises  lbs.  v 


Bigins 


Engine  controls  -  lbs. 


in  above  lbs.  100  N 


Propeller  -  (16.75*  »  3  blades) 
Foal  and  oil  systafei 


TOJEL 


55  N 

700  N 
*158  Ttt 

3l5<*  +058  Wf 


(d)  TO-180  -  Jet 


Boginas  as  installed  -  (inol#  starter) 

lbs.  2291*  V 


Tail  pipes 


h$  N 


Bagine  controls 
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Fuel  and  oil  system 

Total 

!*•  Fixed  Equipment  OrOup  -  {ooamnn  to  all 

engines). 

r 

Instruments  -  3  be. 

Surface  controls  -  lbs# 

Hydraulic  system  -  lbj. 

Electrical  system  -  lbs# 

CoMim^  oetd  ng  #  lbe# 

Arnuuaent  Prov.  (incl.  protection) 
Furnishings 


Total  -  lbs. 


5#  Useful  loadf  ¥»_ 

Crew  (3)  -  lbs. 

Fuel 
Armament 
Equipment 
OH  (B-Jj360) 

•  OU  (turbines  &  jot)  -  lbs. 


.158  N 

2331*21  +.158  «f 


1700 

lli*0 

1800 

logo 

7050 


1360 


.066  Vsf 


Total  P^h360  238o  +  i.o66  Mf 

Ts4al  TO-180,  TfWDOy-  tg- D  •  2380  +  gON  +  iyf 


6.  Pros  a  V«> 


(a)  From  V.'oigfat 
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(1)  R-U360 

W  S  .01195  B1*^  *  12,250  +  7950N  *  1.60  I'f 

(2)  TG-100 

•  V/  s  .01155  **  +  12,320  +  3i*70N  +  1.1*82  T 7f 

(3)  25-D 

IT  =.  01195  V1*2*  +  12,320  +  1*035N  +  1.1*82  Wf  ^ 

(ii)  TQ-180 

W  -  .01195  A1*2*  +  12,320  +  3050U  +  1.1*6  >7f 
(to)  Prom  allo77ablc  continuous  poser. 

The  gross’.-VeinJit  can  also  be  found  from  the  nmriimm  continuous 
power  that  can  be  token  from  each  engine,  the  propeller 
efficiency  and  the  L/D  at  the  Assign  conditions. 

(1)  fc-l*360 


Nornel  cruising  poedr 
Propeller  efficiency 


1500  Bjfc. 
•886 


Thrust  -  lbs.  1500  x375  x  .886  *  121*2  lbs. 

utto 

£  a  121*2  S  (L/D) 

(2)  TC-1Q0 

Normal  cruising  power  -  shaft  820  B.Hp. 

« 

"  ■  Jet  thrust  161*  lba. 

Propeller  efficiency  #883 

arust  -  lba.  820^375  x  .883  +  161*  -  '  81*3  lba. 

y  a  81*3  IT  (L/D) 
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(3)  2g-D. 


Nocaal  cruising  poser  -  shaft 
"  *  jet  thrust 

Propeller  efficiency 
Throat  lbs.  882  x  375  x  .883  -  105.5  = 


956  >Hp. 

*120*2  lbs. 


Throat  lba.  882  x  375  x  .803  -  105.5  =  96?  lbs. 

1*65 

W«96?M(Vi)V 

(U)  TG-180 

Cruising  thrust  -  lbs.  (100£  ram)  950 

TST  -  950  N  (L/S>) 

Tlius  we  have  two  sets  of  equations  for  gross  freight  which  can  be 
solved  simultaneously  at  engine  numbers  of  2,  1*,  6  and  8  after  the 
L^3  is  determined  from  aerodynamic  drag  analysis  as  ~ivon  below. 
0;  Estimation  of  h/D  Ratio. 


The  drag  of  a*  aixplane  may  b«  expressed  to  a  good  degree 
of  accuracy  as:  - 

D«e  -  .ooessevtop^  .  c^)  sfi  ♦  m.8  <| 

IShere  d"  8  relative  dsnaity  «  .214*7  0  1*0,000' 

Cj>  -  parasite  drag  coefficient  -  fuselage,  nacelles  etc. 
®P  “ 

cn  a  profilo  drag  Coefficient  of  wing  and  tail  surface*. 

' 

S  =  slag  area  -  ft2 
V  -  velocity  of  flight  -o*p.h. 

B  -  ■  freight  -  lba. 
b  m  ving  spaa  ft. 

•  s  Mpeot  ratifl^fficiency  factor  i 
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w  -  wing  loading  -  lba./ft^  - 
Substituting 


S  -  1/Sr 

* 

V  =  UOO  B*p*h. 

✓  =  .21^7 

b  =/lOS  .  since  aspect  ratio  -  10* 
* 

Drag  -  100.1  (CD  +  Cju  )  |  +  .000318? 

™  /  B 


or 


D  =  100.1  (Cp^  4-  Cp^)  +  .000310?* 


(8) 


Thorefore,  it  becomes  nocessary  to  estimate  the  value  of  nen 

•  and  the  tao  drag  coefficients,  Cp  &  Cp  before  the  ratio, 

<^>  o* 

D/L  or  L/D,  can  be  cooputed. 

(1)  Efficiency  factor,  e. 

Calculation*  made  previously  by  this  branch  for  a  wing 

of  aspect  mtio  10,  taper  ratio  2|i  1,  ratio  of  span  to  thickness  of 

35  using  tbs  1*1*00  series  sections  gave  &  value  of  •  of  .755.  lbs 

higher  taper  ratio  used  in  this  study  and  the  lower  root  thickness 
*  « 
will  tend  to  raise  this  value  slightly.  It  is  ostinated  that  a 

value  for  of  .61  oaa  be  obtained. 

(2)  line  Profile  Drag  Coefficient. 

This  3nanoh  haa  recently  developed  a  method  for  caloo- 
luting  the  profile  drag  coefficient  of  any  airfoil  section,  at  any 

Reynolds  nunber  end  with  any  type  of  surface  conditions  but  without 

/ 

effect  of  coKy>reaeibdIity.  Assuming  that  the  mean  wing  chord  will 
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be  about  15  feet  giyes  a  Reynold*  number  of  17*3  x  10^  at  1*0,000 
ft.  and  1*00  sup.h* 

At  this  N.  the  and  21*12  airfoils  with  average  good 
smooth  surfaoo  conditions,  such  as  should  be  <f  tanned  by  careful 
riveting  on  a  hoary  sldn  and  reasonable  surface  finish,give  the 
following*  - 

Root  21*35  -  Cq  s  *00770  min.  profile  drag  coeff* 

Tip  21*12  -  Cpe  -  *00700  min.  profile  drag  coeff* 

Weighted  Average  CL.  -  .00752 

jj0  - 

This  value  is  that  Which  Mould  be  measured  in  a  low  speed 
Stream  and  it  au3t  be  corrected  for  coopressibility  effects. 

Lfcr  of  21*15  ©  •  .1*2  Is  .635 

Usr  of  2l*lfce  Cj,  -  *1*2  is  .636 

U  of  Flight  -  .601* 

It  will  be  assumed  that  the  weighted  average  critical  lach 
nmber  will  determine  the  drag  increase  due  to  compressibility* 

Average  Her  -  (.615  x  3  f  .636)/!*  •  .6203 

HAor  =  m  m91k 

Fig.  1,  Cj^Cj^  ,  1*U8 
Therefore  -  *00752  x  1*118  s  .0081*1 

I 
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(3)  'rail  Profile  Drag  ^oc^Clclapt 

Sine  a  the  tail  will  be  ouch  thinner  than  the  wing  it  is 

Sssaned  that  the  critical  Hash  nunher  will  be  that  of  the  0012 

•action  and  that  the  0*  will  be  .0065. 

u©ino 

^  B 

VCDoJ  * 

Cj^  tail  -  .3  x  .00650  x  1.011*  =  .00158 
(U)  Total  surface  drag  coefficient  v' 


C*  -  .000198  4  .0081a  a  .01039 

oe  .» 


It  is  aasuned  that  the  fuselage  drac  coefficient  can 


be  expressed  as<  -■ 


°Df  =i^ 


For  tb*  P27-1,  C  -  .OOltfXi  ) 

I  Incl*  rear  turret  only- 

in  the  PI4M-I,  G  -  *0Ciil  ) 

The  larger  -value  will  be  used  in  this  study  and  since  it 
is  anticipated  that  the  fineness  ratio  will  be  quite  large  the 
critical  Mach  nunber  will  also  be  ,  reat.  Therefore  no  correction 
will  be  made  for  coop*  esaibility. 

Cju  r  lOOLljr.-  .1722A.V3 


From  previous  data  furnished  by  the  Aero  &  Hydro  branch 


DATE 


auncAU  ur  AERONAUTICS 
NAVY,  DEPARTMENT 

WMHNMTON,  D.  C. 

imuco  «v  AVIAnaW  D5SI3H  BESS him 


REPORT  No. 


erbiaates  are  aade  for  the  nacelle  drag  of  the  various  engine* 
as  follows:  - 

(a)  B-U360  -  2.3  Hw/ST  -  96.6H 


(b)  T0-100  Cj^  a  1.0T  v/W  -  k21l/W  . 

(c)  2>-E  Cj,  -  .9  n*A  =  37.8  u/ar 

a 

(d)  TCJ-180  Cj^  =  1.CCT  JtfTi  -  142H/T;. 

(7)  Mlsoellaneottg  Brag  Steoa 
Antennas  etc.  (ostinate)  l£/!7  ^ 

(8)  Total  Drag  estimate 

(a)  B-Jt360 

-  96.611  4-  lt2  4-  .1722 

^op  ~TT“  IT  TIT) 

Cp  -  .01039 

°a  * 

DA  a  lopa  (96.611  f  U2  4  .1722  f  .01039)  +  .003930* 

/v  »  ^7  ^irr/3 

(b)  T0-100 


So.  = 


DA*  =  25$si  (122  ♦  12  ♦  >1722  ♦  .01039)  4  .0003936* 

v  T  1  ~inc/3 

(c) 

cdL  =  37.8H  f  hZ  4  1722 

^  T“  T  “1Tl/3 

DA  a  100.1  (37.8??  4  1*2  4  .1722  4  .01039)  4  .0003936a 

w  u  U  TT1/3 

(d)  TC-180 

DA  =  100.1  (1*2N  4  1&  4  J.722  4  .01039)  4  .000393 6w 

,  ~w“  *TT“  *T  “TT/3 


Tie  now  are  in  a  position  to  determine  the  gross  ./eight  that  can 
be  carried  by  each  design  at  the  design  altitude  and  speed,  and  fron 
that  ’./eight  to  find  'the  anount  of  fuel  that  can  be  carried.  ?.iis  'pro¬ 
cess  is  described  'in  the  next  section. 

"IY.  Calculations  of  Perfonaaaco 

In  the  preceding  section  an  expression  has  been  derived  for 
the  D/L  ratio  of  a  series  of.  airplanes  with  any  number  of  four 
possible  engines.  Combining  these  equations  with  an  'eq  ation  for 
cross  weight  allows  a  solution  to  be  reached  for  the  weight  tliat  any 
engine  can  carry. 

A.  Determination  of  Gros3  '..eight  - 
(1)  3-14360 

T?  —  12*42N/(D/L) 

DA  t  100»1  (96.6?:  +  L2  t  .1722  *  .01039)  f  .0003936* 

w  “TT“  IT  gl/3. 

Then  at  w  =  Ij2 

-  2l)6ZK  -  2U3.6  -  .IXpb 


DA  r  100.1  (U2TT  *  U2  f  .1722  f  .01039)  +  .0003 936a 
w  u  T  V.V3 


at  w  x  1)2 

^  -  1807K  -  2U3.6  -  .10G&T 

^he  table  toXow  g±res  the  gross  weights  that  can  be 
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(3)  Vcstimhouse  25-D  . 
t;  .  967*/ (£) 

DA  -  100,1  (37.ST  4-  U2 4.1722  ♦  .0103;)  ♦  .0003936* 
r  ^  TT  Yil/J 


TT 

At  V  •  U2 

v:  2/3  =  2X32V  -  2^3.6  -  .ioo5t; 

(It)  TC— 130 

r<  =  95oi:/  (5) 

D/L  -  100.1  CU2K  +  j2  *  •01039)  f  .0003?3or 

at  tr  =  U2,  V2/3  s  206?1I  -  2U.6  -  .1005^ 


Gross  ..oiflht 
Number  of  Inline* 


Engine 

T;t* 

2 

k 

6 

0 

R-U60 

Piston 

36500 

77000 

120500 

163800 

TG-10L' 

Prop.Turb. 

26250  • 

51£oo 

35500 

117500 

25-0 

N  ■ 

30200 

66100 

103200 

12*0900 

TO-0.60 

Jet 

30500 

63500 

99250 

13600 

The  following  Preliainar.  V/ei^ht  tables  are  filled  in  from  the 
% 

above,  utiliair.fi  the  formulae  and  data  from  the  preceding  sections. 
B.  De termination  of  l/j)  ratios. 

From  formulas  Above  the  ty!D  ratios  are  calculated  for  each 
design,  both  at  initial  and  final  prose  weights.  at  U00  sph.  and  at 
U0,000  feet.  It  is  assumed  that  205  of  tho  internal  protected  fuel 
is  carrod  all  the  ss>  as  reserve.  The  combat  problem  specification 
states  that  20 %  of  the  total  (protected  plus  droppable)  fuel  mart 
be  aliased  as  reserve,  bat  this  appears  to  be  unduly  restrictive. 
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GROSS  * EIGHT 
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Desljin  No. 


P.rolirvinary  Weight  "'■>.blp 


Dat>»  i  ,  „ 


TJ 


33 


Engine 


,  .  ‘  MODEL 

1-  v*.  . 

2. . 

.  n 

6  . 

,  fl'  ' 

r'«  *  '  '  1 

1 

Wing  Group 

it?  30 

12720 

221  $6 

327tX) 

2 

Basic  Wing 

'JL 

Prov.  for  folding 

4 

Spec.  Features. 

. 

u 

Tail  Group 

U 

Basic  Tail  .  r 

•  ^ 

7 

-Dyn.  Bnirencc  y-* 

• 

8 

Fuselage  or  Hull 

-;:o 

116.30 

TT730 

•23600 

a. 

Alighting  Gear  Group  y 

10 

Engine  Sect. or  Uacelle  Group] 

• 

. .  / 

• 

n 

Power  Plant  Group 

.66C 

1-LSlO 

23000 

31270 

12 

Englnos  (as  installed) 

lu'OO 

no 

13300 

18000 

11 

Engine  Accessories'  , 

$6  ^ 

270 

300 

14. 

Power  Plant  Controls 

220 

330 

440 

11 

Propeller  ‘  (T-«rf 

Boo 

2300 

'i200  . 

5600 

16 

Starting  System  it*? 

MM 

MM 

17 

Cooling  Systp®" 

• 

— 

— .  * 

18 

Lubricating  Sys.tem 

— 

11 

Fuel  dfStem 

330 

2710 

liuOO 

6470  . 

. 

20 

Fi^#d  Equipment  Group 

7030 

70  ,0 

70SG 

7CiO 

21 

^Instruments 

190 

• 

& 

•  Surface  Controls 

BOO' 

21 

Hydraulic  'System 

370 

24 

Electrical  System 

1700 

2i 

Communicating 

liiio 

* 

v  ( 

26 

'  Armament-  Prov. (incl. armor) 

1800 

'  ■ 

27 

Furnishings  .  . 

ios’o  1 

♦ 

* 

* 

28 

■*  Anti-Icing  Equipment 

, 

| 

21 

Auxiliary  Power  Plant 

• 

•  l 

30 

Auxiliary  Gear 

4 

I 

121 

TOTAL  WEIGHT  EMPTY 

24070 

46360 

70030 

0!i6?  0 

•  - 

21 

Crew  a 

600 

60c 

600 

60C’ 

21 

Passengers 

. 

• 

■  0 

2A 

Fuel  -  Eif^ine 

Wo~ 

17160 

30490 

43300 

25 

.Fuel*-  Trapped 

•  # 

£ 

26 

Fuel  r’  Aux.  P.P‘.  • 

a 

V 

Oil  -  Engine 

100 

200 

330 

Hoc 

28 

Oil  -  Trapped 

*  1 

v, 

*  1 

21 

Oil  -  Aux.  P.P. 

a 

* 

■ 

42 

Oil  -  Supercharger 

1 

1 

41 

Oil  -  Reduction  Gear 

• 

t 

•  B 

41 

Baggage  or  Cargo  • 

• 

■ 

42 

Armament 

•  1360 

)  '  1360 

1360' 

1160 

44 

Vixfed  Guns  &  Install. 

.1 

45 

Flexible  Guns  &  Install. 

• 

■ 

46 

Bombs  &  Install. 

1 

4Z 

.Torpedo  Guns  &  Install. • 

* 

... 

1 

41 

Equipment 

420 

U20 

‘  ,420 

420 

21 

Navigating 

•  • 

• 

52 

Oxygen 

«  • 

•  K 

51 

Photographic 

• 

h.  - — 

52 

Pyrotechnics 

V. 

52 

Miscellaneous 

■v-m.  MV  j 

% 

(  •  #  'fi,„  / 

54 
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Tbs  table  below  sires  the  L/b  ratio*  for  each  of  the  designs 
considered,  both  at  the  initial  loading  and  at  the  final  loading, 
before  expending  the  reserve  fuel: 


Humber  of  Engines 


Engine  Type 

2 

h 

6 

6 

• 

L/Di 

L/bf 

Vbi 

L/Df 

L/Di 

L/bf 

L/Di 

L/bf  . 

R-i*360 

Uu70 

U.50 

15.50 

ll*.57 

16.15 

i5.oo 

16.1*8 

15.22 

10-100  ■ 

15.56 

15.18 

16.15 

1U.55 

16.90 

ll*.76 

17.1*2 

35.25 

25-D 

35.61 

1U.85 

17*10 

15.16 

17.80 

15.20 

18.20 

15.79 

TQ-100 

16.0$ 

liu66 

16.70 

11*.  1*6 

17.30 

H*.72 

17.90 

15.10 

C.  .  Determination  of  Combat  Radius 


Since  all  of  the  engines  considered  can  carry  nuch  more  weight 
at  low  altitude  than  tiiat  calculated  above,  it  is  reasonable  to  add  fuel 
in  droppable  tanks  of  sufficient  quantity  to  get  the  airplanes  a  dis¬ 
tance  fTo «  the  base  equal  to  90£  of  the  combat  radius*.  In  this  case  the 
airplanes  will  not  be  able  to  reach  1*0,000  ft.  and  1*00  nph,  until  they 

are  some  little  distance  from  the  take  off  point. 

*  * 

Since  the  total  range  with  both  Internal  and  droppable  fuel  is 
2|  tinea  the  combat  radius  as  defined  in  E1'— 152,  a  simple  expression  can 
be  obtained  for  the  combat  radius-ln  nautical  miles  in  terms  of  a 
statute  miles  range  on  the  internal  protected  tank^  (less  reserve)  given 
on  the  Preliminary  T/eight.  tables,  as  tuning  that  the  .’irst  90£  of  the  com¬ 
bat  radius  is  on  droppable  fuel* 
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Radius  3  .6l*B/Ul5l5  ■  .556  Rang*  (combat)  (10)  < 

la  ocsputing  tho  rane  la  statute  miles  Broquot'a  formula  is 
used  for  the  R-4*360  engine  |  with  the  L/D  are  raged  between  the 

beginning  and  end  of  flight.  The  specific  fuol  consumption  -  .1*25 - I 

under  the  conditions  assumed  as  given  by  tho  engine  manufacture. 

This  is  increased  by  as  Spocified  in  SR-152.  For  the  turbine 
sad  jet  engines  it  is  more  convenient  to  compute  the  range  from  the 
lbs.  of  fuel  used  per  mile  averaged  between  tho  beginning  and  end  of 
the  trip*  These  tyrbfne  fuel  consumptions  are  increased  7&S  over 
the  manufacturers  figures,  as  specified  in  SR-l5t.  The  table  below 
gives  the  results  of  this  calculation!  - 

Combat  Ranges  and  Radii 
Number  of  Ztaglnes 

l  h  6  8 


Engine 

Type 

Combat 

Bange 

Combat  Combat 
Radius  Range 

Combat 

Radius 

Combat 

Range 

Combat 

Radius 

Combat 

Range 

Combat 

Radius 

3-1*360 

266 

■  V 

159 

1190 

662 

1536 

851* 

1685 

936 

TCWLOO 

• 

390 

217 

1899 

1050 

2Uo5 

1338 

2680 

11*90 

25-D 

ioTo 

m 

mt 

Utift 

JM 

17k8 

3570 

1985 

TQ-180 

686 

382 

1285 

71 k 

3505 

837 

1552 

86: 

SM. 

Nja 

8.1A 

N.ia. 

S.iii 

N.m 

s.m 

N.Itt 

(The  fuel  consumption  for  the  TQ-180 
in  2.8  f /mi.  initially). 
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It.  Is  to  be  noted  that  the  ooobat  Pangea  in  the  above  table  are 
computed  on  the  basis  of  carrying  2 0^  of  the  internal  protected  fuel 
throughout  the  flight,  which  it  accomplished  at  tho  constant  speed  of  U00 

i 

nph«  These  figures,  therefore,  are  not  comparable  to  the  ranges  given 
in  the  rpianw  characteristic  charts,  which  are  ell  out  maximum  ranges 
using  all  the  fuel  and  flying  at  constant  angle  of  attack,  that  is  with 
red  toed  speed  as  fuel  is  expended^  Referring  to  the  above  table  o  f  L^) 
ratios  it  is  seen  that  considerable  loss  in  range  has  resulted  from  the 
reduction  in  L /D  at  the  end  of  the  flight*  Furthermore,  the  values 
given  In  the  table  are  not  of  necessity  the  maxi  mum  L/D  ratios,  but 
are  the  values  obtainable  at  140,000  feet  at  1*00  qph,  with  the  beat 

■wing  loading  of  1*2  Ibs./oq.  ft* 

\ 

In  order  that  the  data  in  this  stud/'  may  bo  comparable  to  that 
given  in  the  airplane  characteristic!  charts  the  ranges  are  re¬ 
computed*  These  Ferry  lianges  are  based  upon  tho  following  definitions* 

%  * 

4. 

1*  The  flight  takes  place  at  the  initial  L/D  with  decreasing 
Rpeed  as  fuel  is  ^pended* 

2*  AH  the  fuel  is  used,  that  la  the  flight  continues  to  dry  , 
3.  The  fuel  consunptione  are  increased  15*  and  7#  for  the  piston 
and  turbine  engines  respectively* 

U*  Ho  reductions  are  made  in  the  coeprossibility  corrections  for 
either  the  airplane  or  propeller* 

$f  Statute  Iflle  Ranges  on  internal  ^uWare°iSrMsed  by  1  to 

*  i 

acopunt  for  unprotected  droppable  fuel* 
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nm  awm .  statute  miles 


IfaNber  of  Encinas 

Set istsaa  *  <» _ £ 


iWj360. 

935 

2U30 

3350  . 

3U70 

TQ-100 

722 

3330 

1^10  # 

5025 

2$-D 

m 

fM 

7100 

8000 

T0-180 

1283 

2100 

2825 

2930 

=30- 
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AH  of  the  above  valuta  would  be  increased  slightly  by  a  nore  do- 
tailed  analysis  with  the  conpreseibility  correction  reduced  as  the 

flight  speed  loners* 

D.  OLocuosion  of  gpaults* 

The  H-U360  engine  and  the  T0-180  ;et  do  not  appear  to  be  as 

t 

attractive  as  the  two  turbines*  This  may  be  a  surprising  result  for 

the  H-IJ60  engined  airplanes,  but  a  little  analysis  will  slum  the 

.5  •  .  ' 

reasons  for  this  difficulty.  ■‘•no  jet,  on  the  .other  hand,  has  been 
favored  by  the  choice  of  a  high  epeed  and  altitude  and  the  explanations 
for  its  deficiency  Hoc  entirely  in  the  very  low  propulsive  efficiency 
ef  this  type  unit.  From  previous  studies  it  is  estimated  that  a  jet  will 
give  about  39?  propulsive  efficiency  under  the  conditions  of.  flight 
specified  hero.  This  is  reflected  in  the  high  fuel  consumption  of 
2.8  lbs*/Ule*  The  R-Jj360  has  been  penalised  by  the  hOO  nrph. 
specification  and  by  the  necessity  of  using  superchargers  to  fly  at 
li0,000  feet*  Although  those  engines  con  carry  much  more  weight  due 
to  the  greater  affective  thrust,  the  yroatar  power  plant  weight  more 
than  compensates  for  this  gain.  The  ratio  of  fuel  load  to  gross 
weight  on  the  8  engine  design  is  .182,  whilo  for  the  70-100  it  is  .289, 
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ft*  the  20-4J#  .260  end  for  the  TQ-180,  .31.  The  low  S.F.C.  of  .1*20 
jf/BEP/hr,  /nj€  sufficiently  good  to  make  up  for  the  decrease  in  per¬ 
centage  of  fuel  to  gross.  The  S.F.C.  on  the  TG*iOO  is  sod  for 
the  20-0  Is  ,U8l,  #/BHP/hr.  tt  the  conditions  of  operation  st  1(0,000 
feet.  It  is  of  interest  to  note  that  the  S.F.C.  for  the  T0-180  is 
•98  #/BHP/hr.  on  this  same  basis. 

-s 

The  choice  of  a  lower  speed  for  cruising  would  have  resulted  in  a 

higher  L/D  for  the  R-li360  engines,  since  then  the  drag  of  the  larger 

nacelles  would  have  been  reduced*  *t  is  reasonable  to  assume  that 
% 

with  the  proper  vring  area  and  with  increased  vrinj  root  thickness  a 
nmn-iimm  l/0  of  about  18  to  19  night  be  obtained  at  sane  lower  speed* 
Furthermore,  the  effective  thrust  would  have  increased  (7h  -^THpx370). 

Both  of  these  effects  vrould  result  in  the  piston  engines  being  able 

/ 

to  cany  much  more  load,  a  large  portion  of  which  would  be  fuel*  It 
is  doubtful,  however,  that  any  mall  reduction  in  cruising  speed  will 
Increase  the  combat  radius  to  1000  nautical  miles,  as  specified*  A 
large  speed  reduction  will  require  either  more  armanent  for  protection 
or  turbo  jots  as  auxiliary  "Kickers ”  to  Increase  ^max*  More  armament 
will  result  in  an  increase  in  drag  and  a  reduction  in  fuel  load  and 
due  to  a  decrease  in  speed  has  the  tendency  to  require  a  still  greater 

the  armament.  The  use  of  auxiliary  jets  also  reduces  the 

.  ■»  - 

fuel*  load  but  thero.  is  no  material  drag  increase  for  cruising  flight. 
This  type  of  design  is"  not  as  satisfactory  as  the  propqUer  turbine, 
but  probably  is  the  best  cooproaiso  that  oar  be  obtained  at  the  present 
,time.  A  solution  of  the  problem  for  B4O60  engines,  revised  to  suit 
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piston  engine  characteristic  is  attempted  in  the  next  section* 

It  Is  possible  likewise  that  a  very  small  reduction  in 
cruising  spood,  say  to  10  mph*  would  result  in  somewhat  better 
pefTormanca  for  the  turbine  designs,  due  to  the  reduction  in  flight 
Hfcch  number  from  *6Qli«  but  the*  decrease  in  shaft  powjr  and  the 
increase  in  fuel  consumption  in  pounds  per  mile  might  more  than 
coopensate  for  any  small  changes  in  drag*  Only  a  much  more  re- 

fined  analysis  than  has  b^sn  done  here  rill  decide  the  point* 

« 

The  difference  between  the  combat  radii  for  the  TG-100 

and  the  T/estinghouae  25-D  deserves  some  camaent*  Although  tlie 

latter  engine  gives  about  $0$  more  power  at  sea  level  the  hest- 

inghouse  data  seems  to  bo  predicated  upon  a  more  rapid  decrease 

of  pomr  with  altitude  than  does  the  General  Hoc  trie  data  for  tlie 

TC-100.  Although  the  25-D  shows  up  considerably  better  tlian  the 
*  »  ' 

TO-100,  if  the  same  power  perosntofs  between  sea  level  and  U0,000 

feat  rare  assumed  for  both  engines  a  still  greater  difference 

mould  exist* 
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I*  Estimation  of 


tected  Fuel  Load* 


Since  it  is  assumed  that  90 %  of  the  coobat  radius  is  noun 

» 

on  unprotected  fuel  it  .becomes  a  sized.*  natter  to  estlnats  the  over- 

( 

load  required  for  this  purpose*  The  additional  assuaption;  is  made 
that  the  flight  takes  place  at  an  average  altitude  of  20,000  feet 
and  at  the  speed  corresponding  to  the  initial  L/D  of  the  table  in 
paragraph  B* 


The  following  additional  fuel  and  tankage  weights  are 


fotmdi  - 


ET53HE 


jtoeine  Type 


Ember  of  Engines 

6  8 


R-i*360 

2150 

$775 

10620 

16750 

10-100 

113$ 

10960 

20950 

31100  ' 

2£-D 

1S$0 

35960 

28900 

Ip  90ft 

10-180 

3680  , 

13750 

21*200 

33300 

Since  the  weight  of  the  unprotected  fuel  is  not  a  critical  item  in 
thia  study,  the  above  estimates  are  made  upon  a  ve  y  rough  and 
approximate  basis*  It  is  bellsvsd  the  values  quoted  are  conservative* 

I 

Upon  a  acre  detailed  analysis  for  any  particular  design  the  amount 
of  this  extra  fuel  will  be  calculated  by  integration  processes  and 
with  greater  accuracy* 
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17.  Revision  of  Cochat  Problma  to  Use  R-U360  Engines  and  Tttrto  jets. 

The  study,  so  far,  has  ahoun  that  propeller  turbines  are 
the  only  engines  that  will  seat  the  problem  as  originally  oonceired. 
Unfortunately,  these  engines  cannot  be  oonsidered  suitable  for  ser- 
rice  operation  at  the  present  tine,  so  that  another  solution  is 

sought*  It  appears  that  the  b-t*360  designs  have  been  penal!  ed  by 

•  * 

the  very  high  cruising  speed  desired,  theftfowa  revision  of  the  prob¬ 
lem  is  indicated*  In  this  section  the  cruising  speed  is  left  as  the 
value  sought,  but  t$d  altitude  and  combat  radius  desired  still  remain 
as  before*  It  is  assumed  that  turbo  jets  will  be  used  as  auxiliaries 
to  obtain  a  sufficiently  high  speed  so  as  to  eliminate  the  necessity 
for  additional  armament* 

The  analysis  to  follow  assumes  that  the  flight  is  made  at 

constant  angle  of  attack,  giving  a  constant  h/D  throughout  the 

2  flight)  362  of  the  range  plus  fuel  for  take-off  and  climb  will  be 
*  ^ 

-accomplished  on  droppable,  unprotected  fuel  as  before)  t^o  Initial 
% 

cruising  speed  at  1*0,000  feet  represents  the  marlanim  value,  the  speed 
will  decrease  as  the  fuel  is  expended;  no  additional  fuel  is  allowed 
for  the  jets  since  no  full  power  operation  was  contemplated  in  the 
previous  problem,  the  20f  reserve  should  be  sufficient  for  that  pur¬ 
pose* 

Tbeyprocess  of  solution  is  similar  to  that  used  preciously, 
but  much  simplified  by  choosing  but  U  engines  and  by  assuming  that  the 
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MM  propeller  efficiency  can  be  obtained  as  was  demonstrated 

*  1 

possible  In  tho  preceding  section*  Four-  additional  Initial  cruis¬ 
ing  speeds  are  chosen,  300,  325,  350  wA'ftf  cph»  and  the  proper 
sing  loading  found  as  before*  Dot  one  aspect  ratio  and  thickness 
ratio  are  used  In  all* eases,  the  best  values  found  previously*  It 
Is  a 8 sues d  that  the  21*00  series  airfoil  sections  will  be  used  as 
before* 

Design  of  sings* 

In  order  to  find  the  best  wing  loading  the  process  out¬ 
lined  In  Section  HI  B  was  repeated  as  revised  below r 

1*  Wing  loadings  of  20,  30,  1*0,  &  50  were  chosen  all 
with  aspect  ratio  of  10  with  root  thickness  ratio 
of  15£  as  befors*  A  higher  thickness  ratio  would 

% 

probably  increase  the  range  slightly  for  the  low¬ 
er  design  apeeus,  out  would  penalise  7r^r  with  the 
Jets* 

2*  Estimates  ware  marls  of  the  L/to's  of  the  wing  and  tail 
for  each  condition  and  speed,  correcting  the  airfoil 
'  *  profile  drag  coefficient  by  fig*  2  as  before* 

3*  The  product  of  the  shore  L/D's  and  ths  total  engine 
thrust  for  U  engines  gives  ths  gross  weight  that  can 
be  carried  it  1*0,000  feet  at  the  chosen  speeds* 

U*  Estimates  were  next  made  for  the  wing  weights,  which 
were  subtracted  from  the  estimate  gross  weight  from  (3)* 
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5.  The  different  betwwsn  (3)  and  (U)  glrsa  an  index 
for  rang*  aa  before. 

Ths  lino  of  boat  loading  for  s  aoh  Initial  cruising  speed 
la  ahonn  oh  figure  U,  from  which  the  following  data  is  calculated. 

B.  Estimation  of  I A>  Ratios. 

The  L/D  ratios  at  the  respective  speeds  are  estimated  from 
the  previous  formulas,  and  tabulated  below:  - 


Cruising  Speed 

w 

L/b 

V 

300 

29.0 

19.22 

126,000 

325 

36.0 

19.22 

117,900 

350  ' 

1:0.1; 

18.71; 

• 

106,750 

375 

U5.o 

17.98 

95,600 

C.  Eatlmation  of  Weights 

Following  the  previous  methods  the  Preliminary  height  tables 
are  filled  in.  These  tables  are  attached  for  comparisons.  The 
available  thrust  at  each  speed  is  estimated  to  be  * 

Initial  Cruising  Speed  Thrust  from  U  R-U360  Engines 


300 

325 

350 

375 

D.  Determination  of 


6135 

5700 

5320 


D.  Determination  of  Range  and  Combat  Radius. 

The  Ferry  Ranges  and  Combat  Radii  computed  from  the 
expressions  given  previously  are  given  In  ihe  following  table  for  air¬ 


planes  without  auxiliary  I-HO  jets* 
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Initial  Vcruiae 

Ferry  Range 

Combat  Radius 

Average  V  cruise 

300 

531*0 

1520 

285  mph. 

325 

562 0 

1553  , 

3U  mph. 

350 

5135  . 

1U86 

33U  mph. 

375 

1*790 

1205 

359  mph. 

Statute  Miles 

nautical  Miles 

The  corresponding  data  ia  given  below  for.  the  airplanes  Tilth 

I-liO  jets.  The  fuel  load  it  reduced  by  the  installation  of  four 

I>1(0  units  mounted  as  in  the  XPlili-1.  Tho  additional  power  plant 

weights. are  taken  directly  from  the  Martin  estimates  for  tliat  air- 

>  • 

plane.  , 

-  With  1-1(0  Jets 

i 

Ferry  Ranges  and  Combat  Radii 

Initial  V  cruise  Ferry  Range  Combat  Radius  Average  V  cruise 
300  1(230  1170  288  mph. 

325  1*250  U80  315  mph. 

3^0  .  3710  1030  338  rsph. 

375  281(0  800  36U  mph. 

Statute  lilies  Nautical  rales 

From  the  above  tables,  the  use  of  auxiliary  jets  appears  to  oost  a 
great  amount  in  Range  and  combat  raditt,  compared  with  the  airplanes 
without  them.  Three  of  the  airplanes  without  jets  will  give  a  combat 
radiua  of  practically  1500  nautical!  miles,  and  none  with  the  Jets 
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will  Dset  the  specification* j  in  fact,  the  bort  design  with  tho  Jet 

A 

gives  a  comoat  radius  which  is  less  than  the  poorest  without  Jets 

and  has  an  average  cruising  speed  Ui  nph.  lower* 

Tho  reason  for  using  the  I— UO  turbo-Jcts  is  to  incrcaco  V^y. 

for  get  assy  purposes,  and  it  was  realised  bcio  c  making  this  analysis 

that  their  weight  wold  detract  from  the  ran  ;©.  The  rosults  above, 

therefore,  arc  not  surprising*  The  amount  of  speed  increase,  however, 

by  using  the  jets  is  not  as  great  as  might  be  expected,  since  each 

Jet  will  supply  only  117 U  thrust  horsepowc  ~  at  U0,000  feet  at  ItOO  nph. 

If  we  compare  the  airplanes  design od  for  an  initial  cruising  speed  of 

375  nph.  without  Jets  and  the  one  designed  for  325  nph.  with  Jets, 

both  going  nearly  the  sane  combat  radius,  wo  can  get  some  idea  as  to 

the  efficacy  of  the  auxiliary  Jet  principle  for  this  type  of  aircraft* 
/ 

« 

Assuming  that  we  can  obtain  8<#  propeller  efficiency  at  VIMLXf  an 
approximate  .analysis  shows  that  the  Jot  airp'  one  •..’ill  give  a  top 

•  «r 

speed  of  about  U 65  nph.  at  1*0,000  feet  with  full  military  power  while 
the  smaller  and  lighter  design  without  Jets  will  do  about  U5o  nph* 

A 

The  two  airplanes  are  compared  below  in  detail:  - 


lne  t 


7  or.  av* 


Area  Vmax  Combat  adius 


R-U60-  I-UO  3X5  117,900  381  3275  h®  1180 
R-fc360  *  359  95,600.  lltf.8  212U  U50  12 0$ 
It  appears  that  the  use  of  turbo- JetB  may  not  bo  worth  the  added 
weight  and  complication  for  this  type  problem*  - 
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